Introduction
The abundance of trace gases and aerosols in Earth's atmosphere can determine the habitability of the planet. Human activities have significantly altered the atmospheric cycles of most trace gases, leading to their rapid increase over the past century. Methane is a greenhouse gas whose growth since the pre-industrial era has been documented in ice-core bubbles and recently in atmospheric measurements (Etheridge et al., 1992; Steele et al., 1992) . Certain human activities (e.g., raising cattle, growing rice, use of natural gas) lead to direct release of CH 4 into the atmosphere. A major goal of methane-related research is to identify and quantify these sources and then to predict how CH 4 and other trace gases are affected (Cicerone and Oremland, 1988) . Increases in CH 4 directly enhance the trapping of terrestrial infrared radiation, but they also perturb tropospheric chemistry: make 03 in the upper troposphere (another greenhouse gas), reduce hydroxyl radical (OH) concentrations, increase carbon monoxide (CO). CH 4 increases also reach into the stratosphere: raise stratospheric H20 levels, interfere with CFC-induced ozone depletion, and thence alter the amount of solar ultraviolet driving tropospheric photoCopyright 1996 by the American Geophysical Union.
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0094-8534/96/96GL-02371 $05.00 chemistry. The most difficult problem of atmospheric chemistry today is evaluating the cumulative and collective environmental impacts of all such chemical feedback loops associated with a single action, i.e. emission of one gas at one location.
Theoretical studies have long noted unusual behavior when CH 4 or CO were perturbed in tropospheric chemistry models (Chameides et al., 1976) . Sze (1977) found CO perturbations to last several decades even though the CO lifetime was only a few months. Later studies identified the OH-CH 4 feedback as causing greater-than-proportional increases in steady-state CH 4 concentrations (Isaksen and Hov, 1987) , e.g., +10% in emission yields +15% in concentration. Fisher (1993) found that small CH 4 pulses had e-fold times greater than the lifetime as defined by the budget (abundance/loss), contrary to the view that the average loss frequency of large reservoirs (e.g., tropospheric CH4) should represent a time scale for change (the turn-over time or 
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Non-linearity in the {CH4, CO, OH}-system
The chemical cycles of CH 4, CO, and OH in the global atmosphere are coupled (Levy, 1972) . They also involve other species (e.g., NO, C2H6) and transport that connects different photochemical regimes (e.g., Isaksen and Hov, 1987; Cicerone and Oremland, 1988). Nevertheless, this system is usefully studied with a one-box model (Prather, 1994) as defined in Table I 
Continuity Equations: d[CH4]/dt = Sc. 4 -ki[OH][CH4] d[CO]/dt-Sco + k•[OH][CH4] -k2[OH][CO] d[OH]/dt = Sou -ki[OH][CH 4] -k2[OH][CO] -k•[OH][X]
Constants Although extremely difficult to evaluate with confidence, the emissions of very short-lived gases (e.g., CO, NO, C2H6) should be treated as having a long-term environmental impact and given an ODP (ozone depletion potential) or GWP in proportion to the amplitude of the induced longlived natural modes. Individual perturbations couple across all modes of tropospheric and stratospheric chemistry. We can expect emissions of a short-lived gas such as CO (months) to lead to a long-lived perturbation in CH 4 (decade) as shown here and perhaps even a longer-lived perturbation in N20 (century). Extension of this method to examples with transport (CH3Br in the stratosphere, troposphere and ocean) and uv radiative coupling (N20, NOy, and O 3 in the stratosphere) is presented in a following paper.
